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The recovery efficiency of the plurality of wells may be 
increased by using an appropriate storage model to select 
each well individually when injecting or extracting fresh 
water. The storage model describes the behaviour of the fiesh 
water in the storage zones and allows to correlate these behav- 
iours. 

FIG. 11^ and FIG. lib contain a view from above over a 
field of wells 112 during an injection process. The wells 112 
are disposed in such a way to have one central well 112a and 
a plurality of peripheral wells 112^. A position and a distri- 
bution of wells may be defined by the storage model of the 
concerned aquifer depending on available storage zones in 
the aquifer and other aquifer or geological characteristics. 

As is represented in FIG. 11a, fresh water is injected at first 
through the central well 112a. After a determined delay, fresh 
water is also injected through the peripheral wells 1126, cre- 
ating a zone of fresh water 114 as shown in FIG. lib 

The determined delay may be derived using an appropriate 
storage model. 

As an example, a delay may be derived using measure- 
ments of the quality of the water. In this case, a sensor (not 
shown in FIG. 11a) is respectively provided for each well 
112a and 1126. Each sensor measures theTDS content for the 
storage zone corresponding to the screen of the concerned 
well . When the TDS content measured at one of the sensors of 
the peripheral wells 1126 has a value below the pre-defined 
threshold value, it may be considered, according to the stor- 
age model, that the zone of fresh water 114 created in the 
aquifer has increased in size and reached the corresponding 
peripheral well 1126. Fresh water may then be injected from 
any one of the corresponding peripheral wells 1126. The 
method according to the invention allows to avoid the traps of 
brackish water known from prior art. 

Similarly, the appropriate storage model may be used for 
the extraction of liquid. In a first step, the screens of the 
peripheral wells 1126 are opened, and the water is extracted 
through the peripheral wells 1126. When the TDS contait 
measured at one of the sensors of the peripheral wells 1126 
reaches the pre-defined threshold value, it is considered, 
according to the storage model, that the zone of fresh water 
114 has shrunk and is then mainly concentrated around tlie 
central well 112a, The screens of the peripheral wells 1126 
are then closed, and the liquid is now extracted only from the 
central well 112a. 

Altematively, the screens of the peripheral wells 1 126 may 
also be closed after a delay that is evaluated using the storage 
model, e.g., a delay that corresponds to a predetermined 
amount of water extracted from the peripheral wells. 

In a first altemative embodiment, a plurality of wells is 
provided, each well comprising a plurality of screens. The 
flow of liquid througjh each screen is individually control- 
lable. The storage model may take into consideration varia- 
tions of the shape of the zone of fresh water with depth, and 
with width, thus providing a more complete storage model. 

Each well has at least one sensor that measures the quality 
parameter of the liquid. The quality parameter may be a Total 
Dissolved Salt contents, or any other pollution parameter. 

One possible extraction exploitation of the first altemative 
embodiment provides to authorize extraction from the aquifer 
only from the peripheral wells in a first step. The lowest open 
screens of each peripheral well are closed one after the other, 
as the measured quality parameter increases and reaches the 
pre-defined threshold value. After the delay, the central well is 
also authorized to extract liquid. 

In a second altemative embodiment, during extraction, a 
plurality of sensors is provided respectively for each well. 
Each sensor corresponds to one of the screens. In a first step. 
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only the peripheral wells are authorized to extract water from 
the aquifer, and, when the TDS content measured at one of the 
sensors of one the periphotil wells reaches the predetermined 
threshold value, the corresponding screen is closed. After the 

5 delay, the central well is also authorized to extract liquid and 
the screens that are disposed on its longitudinal axis are 
controlled according to the measurements of the TDS content 
of the corresponding storage zones. 

In the second altemative embodiment, the flow of liquid 

10 through each well is controlled, and so is the flow through 
each screen of each well, thus resulting in a 3D operational 
control of the extraction process. The 3D operational control 
may of course also be performed for an injection process. 
The examples described in this specification generally 

1 5 show wells in a substantially vertical position. It is understood 
that the well may well be in a different deviated direction 
rather than being vertical. A deviated well may be used in 
order to take into consideration a particular geological struc- 
ture. This applies to all examples described in this specifica- 

20 tion. 

It is understood that the TDS quality parameter is fre- 
quently used as an example in the present description but that 
any other quality parameter may be used instead or in com- 
bination. Also the quality parameter is often compared to a 
25 threshold in the present description but may alternatively be 
compare to a range of values. 

While the invention has been described with respect to a 
limited number of embodiments, those skilled in the art, 
having benefit of this disclosure, will appreciate that other 
30 embodiments can be devised which do not depart from the 
scope of the invention as disclosed herein. Accordingly, the 
scope of the invention should be limited only by the attached 
claims. 

The invention claimed is: 
35 1 . A method for improving the recovery efficiency of stor- 
ing fresh water into an aquifer using a storage model of the 
aquifer, the storing comprising injecting the fresh water and 
attracting injected fresh water by a single water storage sys- 
tem comprising at least one well penetrating the aquifer, the 
40 method comprising: 

controlling a plurality of screens, each of the plurality of 
screens being located alongside a wall of the at least one 
well, and each of the plurality of screens respectively 
allowing a flow of fresh water between an associated 
45 storage zone in contact with the screen and the at least 
one well on which the screen is located; 
determining, in the storage model, a behavior of each asso- 
ciated storage zone using a plurality of geological char- 
acteristics of the aquifer, 
50 receiving data from a plurality of sensors, wherein each of 
the plurality of sensors measures and monitors a quality 
parameter of water at one of the plurality of screens; 
determining that the quality parameter of water has 
reached a predetermined threshold using at least one 
55 sensor of the plurality of sensors; 

using the storage model to simulate an interaction betwe^ 
the injected fiesh water and native water from each 
associated storage zone using the behavior of each asso- 
ciated storage zone, the data received from the plurality 
60 of sensors, and the quality parameter that has reached the 
predetermined threshold; 
determining, based on the interaction, that the flow of fresh 
water from one or more screens of the plurality of 
screens should be modified to maintain or improve pro- 
65 duced water quality of the at least one well; and 

adjusting the one or more screens to maintain or improve 
the produced water quality of the at least one well. 
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2. The method according to claim 1, wherein the single 
water storage system comprises only one well penetrating the 
aquifer 

3. The method according to claim 2, further comprising: 
extracting the fresh water from the aquifer; ^ 
monitoring the quality parameter of the extracted iresh 

water at an exit of the single well; 

following determining that the flow of fresh water from die 
one or more screens should be modified, selecting an 
additional screen, wherein the additional screen is the 
deepest screen alongside the single well allowing the 
f^ow of fresh water among the plurality of screens; 

closing the additional screen to stop the flow of fresh water 
througli the additional screen. 

4. The method according to claim 3, wherein the quality 
parameter is a total dissolved salt parameter. 

5. The method according to claim 2, further comprising: 
extracting the fresh water from the aquifer; 
monitoring the quality parameter of the fresh water at each 20 

screen of the plurality of screens using the plurality of 
sensors; 

following determining that the flow of fresh water from the 
one or more screens should b e^modified s electing an 
additional screen, wherein the additional screen corre- 25 
sponds to a location alongside the single well at which 
the quality parameter reaches the predetermined thresh- 
old; 

adjusting the additional screen to modify tlie flow of fresh 
water through the additional screen. 30 

6. The method according to claim 5, flirther comprising: 
activating a closing mechanism at the additional screen to 

stop the flow of fresh water tlirough the additional 
screen. 

7. The method according to claim 6, wherein the quality 
parameter is a total dissolved salt parameter. 

8. The method according to claim 5, wherein the quality 
parameter is a total dissolved salt parameter. 

9. Tlie method according to claim 2, further comprising: ^ 
injecting the fresh water into the aquifer through the one or 

more screens, the one or more screens being located as 
the deepest of the plurality of screens alongside the 
single well; 

monitoring the quality parameter of liquid at an outside 45 
part of each screen of the plurality of screens distinct 
from the one or more screens, the outside part being in 
contact with a storage zone; 

selecting an additional screen among the plurality of 
screens following identifying the screen, the additional so 
screen being distinct from the one or more screens, and 
the additional screen corresponding to a location along- 
side the single well at which the quality parameter 
reaches the predetermined ilireshold; 

adjusting the additional screen to modify the flow of fresh 55 
water through the additional screen. 

10. The method according to claim 9, wherein the quality 
parameter is a total dissolved salt parameter. 

11. The method according to claim 2, wherein the quality 
parameter is a total dissolved salt parameter. 



12. The method according to claim 1, further comprising: 
providing the at least one well; 

providing at least one peripheral well, the at least one 
peripheral well being distinct from the at least one well; 

providing at least one screen from the plurality of screens 
for respectively each one of the at least one well and the 
at least one peripheral well. 

13. The method according to claim 12, further comprising: 
injecting the fresh water into the aquifer through a screen 

located alongside the at least one well; 
monitoring the quality parameter of liquid at an outside 

part of each screen located on the at least one peripheral 

well, the outside part of each screen being in contact 

with a storage zone; 
following detennining that the flow of fresh water from the 

one or more screens should be modified, selecting an 

additional screen at which the quality parameter reaches 

the predetermined threshold; 
injecting the fresh water into the aquifer through the at least 

one peripheral well on which the additional screen is 

located. 

14. The method according to claim 13, wherein the quality 
parameter is a total dissolved salt parameter. 

15. The method according to claim 12, wherein the quality 
parameter is a total dissolved salt parameter. 

16. The method according to claim 1, wherein the quality 
parameter is a total dissolved salt parameter. 

17. The method according to claim 1, fiirther comprising: 
injecting the fresh water into the aquifer; 

extracting the fresh water from the aquifer, 
the determining that the flow of fresh water from the one or 
more screens of the plurality of screens should be modi- 
fled and the adjusting being performed such as to keep 
the quality parameter of the firesh water being extracted 
in a desired range; 
interrupting the extracting of the fresh water when the 
quality parameter is outside of the desired range. 

18. The method according to claim 17, wherein the inject- 
ing, the extracting and the interrupting are repeated in at least 
one cycle following the interrupting. 

19. The method according to claim 18, wherein the inter- 
mpting comprises selectively interrupting the extracting from 
one determined storage zone of the aquifer when the quality 
parameter from the fresh water extracted out of the deter- 
mined storage zone is outside the desired range. 

20. The method according to claim 17, wherein the inter- 
rupting comprises selectively interrupting the extracting from 
one determined storage zone of the aquifer when the quality 
parameter from the fresh water extracted out of the deter- 
mined storage zone is outside the desired range. 

21. The method of claim 1 wherein adjusting the one or 
more screens is affected by changing a position of a seal 
inside the well in the proximity of the one or more screens. 

22. The method of claim 1 wherein adjusting the one or 
more screens is affected by changing a position of a plug 
inside the well in the proximity of the one or more screens. 

23. The method of claim 1 wherein adjusting the one or 
more screens is affected by changing a flow connection inside 
the well in the proximity of the one or more screens. 
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AMENDMENTS TO THE CLAIMS 



lease amend the claims as follows. 



1. (Currently Amended) A method for improving the recovery efficiency of storing fresh water 
into an aquifer using a storage model of the aquifer , the storing comprising injecting the fresh 
water and extracting [[the]] injected fresh water by a single water storage system comprising at 
least one well penetrating the aquifer, the method comprising: 

controlling providing a plurality of screens, each of the plurality of screens scr e en being 
located alongside a wall of the at least one well, and each of the pluralitv of screens 
scre e n respectively allowing a flow of fresh water between an associated storage 
zone in contact with the screen and the at least one well on which the screen is 
located; [[and]] 

determining, in the storage model, a behavior of each associated storage zone using a 

pluralitv of geological characteristics of the aquifer: 
receiving data from a pluralitv of sensors, wherein each of the pluralitv of sensors measures 

and monitors a quality parameter of water at one of the pluralitv of screens: 
determining that the qualitv parameter of water has reached a predetermined threshold using 

at least one sensor of the pluralitv of sensors: 
using the storage model to simulate an interaction between the injected fresh water and 

native water from each associated storage zone using the behavior of each associated 

storage zone, the data received from the pluralitv of sensors, and the qualitv 

parameter that has reached the predetermined threshold: 
controlling the flow of frosh water through e ach on e of the plurality of scr e ens according to 

param e t e rs provided from a storag e mod e l of the aquif e r, th e storag e mod e l 

describing a b e havior of e ach storage zone 
determining, based on the interaction, that the flow of fresh water from one or more screens 

of the pluralitv of screens should be modified to maintain or improve produced water 

qualitv of the at least one well: and 



538509 



3 



Application No. : 1 0/56 1 ,640 



Docket No.: 17559/002001; 21.1155 



adjusting the one or more screens to maintain or improve the produced water quality of the 
at least one well . 

2. (Cancelled) 

3. (Currently Amended) The method according to claim i [[2]], further comprising: providing th e 
plurality of Gcreens, each scre e n being located alongside the wall of a single w e ll wherein the 
single water storage system comprises only one well penetrating the aquifer . 

4. (Currently Amended) The method according to claim 3, further comprising: 

extracting the fresh water from the aquifer; 

monitoring the quality parameter of the extracted fresh water at an exit of the single well; 

following determining that the flow of fresh water from the one or more screens should be 
modified, selecting an [[open]] additional screen following the trigg e ring , wherein 
the [[open]] additional screen being locat e d as is the deepest [[open]] screen 
alongside the single well allowing the flow of fresh water among all open scr ee ns of 
the plurality of screens; 

closing the additional screen to stop stopping the flow of fresh water through. the sel e cted 
open additional screen. 

5. (Cancelled) 

6. (Currenrty Amended) The method according to claim 3, further comprising: 

extracting the fresh water from the aquifer; 

monitoring the quality parameter of the fresh water at each screen of the plurality of screens 

using the plurality of sensors ; 
following determining that the flow of fresh water from the one or more screens should be 
modified, selecting an [[open]] additional screen following the triggering , wherein 
the [[selected]] additional screen corr e sponding corresponds to a location alongside 
the single well at which the quality parameter reaches the critical predetermined 
threshold value; 
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stopping adjusting the additional screen to modify the flow of fresh water through the 
s e l e ct e d op e n additional screen. 

7. (Currently Amended) The method according to claim 6, further comprising: 

activating a closing mechanism at the s e l e ct e d additional screen [[,]] to stop the flow of fresh 
water through the s e lected additional screen. 

8. (Currently Amended) The method according to claim 3, further comprising: 

injecting the fresh water into the aquifer through a first scre e n the one or more screens , the 
one or more screens first scr ee n being located as the deepest of the plurality of 
screens scr e en alongside the single well; 

monitoring the quality parameter of liquid at an outside part of each screen of the pluraUty of 
screens distinct from the one or more screens first scre e n , the outside part being in 
contact with a storage zone; 

selecting a s e cond an additional screen among the plurality of screens following identifying 
the trigg e ring screen, the s e cond additional screen being distinct from the one or 
more screens first scr e en , and the s e cond additional screen corresponding to a 
location alongside the single well at which the quality parameter reaches the 
predetermined threshold critical valu e: 

e nabling adjusting the additional screen to modify the flow of fresh water through the 
se cond additional screen. 

9. (Currently Amended) The method according to claim 1 [[2]], fiirther comprising: 

providing the at least one amain well; 

providing at least one peripheral well, the at least one peripheral well being distinct from the 
at least one main well; 

providing at least one screen from the plurality of screens for respectively each one of the 
msm at least one well and the at least one peripheral well w e lls . 

10. (Currently Amended) The method according to claim 9, further comprising: 
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injecting the fresh water into the aquifer through a screen located alongside the at least one 
mem well; 

monitoring the quality parameter of liquid at an outside part of each screen located on [[a]] 
the at least one peripheral well, the outside part of each screen being in contact with a 
storage zone; 

following determining that the flow of fresh water from the one or more screens should be 
modified the triggering , selecting [[a]] an additional screen at which the quality 
parameter reaches the predetermined threshold critical valu e; 

injecting the fresh water into the aquifer through the at least one peripheral well, on which 
the s e l e ct e d additional screen is located. 

11. (Currently Amended) The method according to claim [[2]] wherein [[:]] the quality parameter 
is a total dissolved salt parameter. 

12. -22. (Cancelled) 

23. (Currently Amended) The method according to claim 1 [[2]], further comprising: 

injecting the fresh water into the aquifer; 
extracting the fresh water from the aquifer; 

the sel e cting determining that the flow of fresh water from the one or more screens of the 
pluralitv of screens should be modified and the modifying adjusting being performed 
such as to keep the quality parameter of the fresh water being extracted in a desired 
range; 

interrupting the extracting of the fresh water [[if]] when the quality parameter is outside of 
the desired range. 

24. (Original) The method according to claim 23, wherein the injecting, the extracting and the 
interrupting are repeated in at least one cycle following the intermpting. 

25. (Currently Amended) The method according to claim 23, wherein the intermpting comprises 
selectively intermpting the extracting from one determined storage zone of the aquifer [[if]] 
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when the quality parameter from the fresh water extracted out of the determined storage zone is 
outside the desired range. 

26. (Currently Amended) The method according to claim 3^ wherein [[:]] the quality parameter is a 
total dissolved salt parameter. 

27. (Currently Amended) The method according to claim 4^ wherein [[:]] the quality parameter is a 
total dissolved salt parameter. 

28. (Cancelled) 

29. (Currently Amended) The method according to claim 6^ wherein [[:]] the quality parameter is a 
total dissolved salt parameter. 

30. (Currently Amended) The method according to claim 7^ wherein [[:]] the quality parameter is a 
total dissolved salt parameter. 

31. (Currently Amended) The method according to claim 8^ wherein [[:]] the quality parameter is a 
total dissolved salt parameter. 

32. (Currently Amended) The method according to claim 9^ wherein [[:]] the quality parameter is a 
total dissolved salt parameter. 

33. (Currently Amended) The method according to claim 10^ wherein [[:]] the quality parameter is a 
total dissolved salt parameter. 

34. (Cancelled) 

35. (Cancelled) 

36. (Currently Amended) The method according to claim 24, wherein the interrupting comprises 
selectively interrupting the extracting from one determined storage zone of the aquifer [[if]] 
when the quahty parameter from the fresh water extracted out of the determined storage zone is 
outside the desired range. 
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37. (New) The method of claim 1 wherein adjusting the one or more screens is affected by changing 
a position of a seal inside the well in the proximity of the one or more screens. 

38. (New) The method of claim 1 wherein adjusting the one or more screens is affected by changing 
a position of a plug inside the well in the proximity of the one or more screens. 

39. (New) The method of claim 1 wherein adjusting the one or more screens is affected by changing 
a flow connection inside the well in the proximity of the one or more screens. 
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